A comparative study of rugby ball aerodynamics  by Djamovski, Victor et al.
 Procedia Engineering  34 ( 2012 )  74 – 79 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.04.014 
9th Conference of the International Sports Engineering Association (ISEA) 
A comparative study of rugby ball aerodynamics 
Victor Djamovski*, Pascal Rosette, Harun Chowdhury, Firoz Alam, Tom Steiner 
School of Aerospace, Mechanical and Manufacturing Engineering RMIT University, Melbourne, Victoria 3083, Australia 
Accepted 02 March 2012 
Abstract 
The aerodynamic behaviour of oval shaped sports balls especially Rugby ball is considered to be complex due to its 
physical shape. Although some experimental studies were undertaken on Rugby ball aerodynamic behaviour, scant 
information on computational aerodynamic study for Rugby balls is available in the public domain. The primary 
objective of this work is to undertake a computational study of a smooth surface Rugby ball and pimple surface 
Rugby ball aerodynamic properties and compare the findings with experimental data. Both experimental and 
computational studies were undertaken for a range of wind speeds and yaw angles. The average drag coefficient of 
the rugby at zero yaw was found by experimentally and computationally to be 0.18 and 0.15 and this rose to about 
0.60 and 0.31 respectively when yawed at 90º. The pimple caused slightly more drag at zero yaw angle compared to 
90º yaw angle. 
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1. Introduction 
The aerodynamic characteristics play a pivotal role in the nature of a sport balls flight. Extensive 
research on various sports balls has been undertaken by Alam et al. [1-5] and Seo et al. [6]. Despite the 
popularity of sports such as Rugby, there is little information on the oval shaped rugby balls. A major part 
of the Rugby game is the distance kicking, be it a set shot or a drop punt during play. So with the ball 
travelling through the air at high speeds, crosswinds and spin play significantly on the ball’s trajectory. 
Therefore, understanding this concept will improve the game immensely. Searching open literature for 
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studies undertaken on the aerodynamic properties of rugby balls; with the exception of Alam et al. [2] and 
Seo et al. [6] it is clear that no work comparing Computational Fluid Dynamics (CFD) to Experimental 
Fluid Dynamics (EFD) is available. With the advent of modern computing power, CFD has become a 
more frequently used method of analysis. Using CFD modeling, it is easy to visualize the complex 3-
dimensional flow phenomena, along with the shortened design cycles and expedient marketing. Although 
being time and cost effective, the CFD analysis is not a complete substitute to EFD, with both required 
for complete validation of data. With no follow up experiments or works of validation regarding rugby 
ball aerodynamics are available in the public domain. Therefore, the main objective of this work was to 
understand CFD study of a rugby ball and validate the findings with the experimental data. However, this 
study is restricted to understanding a dynamically static rugby ball. 
1.1. Experimental facilities and equipment 
The RMIT Wind Tunnel was used for the experimental study. It is a return circulating wind tunnel 
with a six-component balance; with a maximum wind velocity of about 150 km/h with a rectangular test 
section measuring 3 m wide, 2 m high and 9 m long, with turbulence level equal to approximately 1.8%. 
The wind tunnel is also equipped with a turntable, which enables the ball to be rotated at a desired yaw 
angle. The tunnel was calibrated before conducting the experiments; with the tunnel’s airspeeds being 
measured via a modified NPL ellipsoidal head Pitot-static tube (located at the entry of the test section) 
which is connected to a MKS Baratron pressure sensor through flexible tubing. The balls in focus are 
connected to a force sensor via a solid metal sting mount. The JR-3 force sensor is then connected to a 
computer, which has integrated software with an easy to use interface; allowing for simple data retrieval 
of all 3 forces and 3 moments acting on the ball (namely drag, side, and lift forces, yaw, pitch and rolling 
moments). The JR-3 force sensor used in this study, allows for a maximum measurement of 200 
Newton’s force, and is robust enough to carry loading. Due to its high stiffness and integration into the 
system, the force sensor allows minimal degradation of system dynamics, position accuracy and high 
resonant frequency; allowing accurate sensor response to rapid force fluctuations. A Gilbert rugby ball 
was used, similar to that used by Alam et al. [2] being an officially licensed ball. The physical dimensions 
of the rugby ball are 280 mm long and 184 mm in diameter. The ball is made up of four synthetic rubber 
segments which are stitched together.  The rugby ball was tested for a range of speeds (60 km/h to 130 
km/h with an increment of 10 km/h) at yaw angles varied between 90º to +90º with an increment of 15º. 
2. CFD Model and Computational Procedure 
A simplified version of the rugby ball was firstly developed using Solid Works; creating four smooth 
surfaced segments of equal dimensions. Joining the segments together created a seam structure, to 
replicate the real ball. Subsequently, pimples were added on the surface of the rugby ball in order to 
simulate the effect of surface roughness. The dimensions of the model are as follows; 280 mm long, 184 
mm diameter and a seam indention of 2 mm, the balls are shown in Figure 1. 
This model was then imported to GAMBIT, pre- processor of CFD code FLUENT. In CFD modeling 
FLUENT 6.1 was used. Within the FLUENT software, the k-İ turbulence was used. The RNG k-İ model 
is used in the prediction of most turbulent flow calculations because of its robustness, economy and 
reasonable accuracy for a wide range of flows and also suitable to rapidly straining and swirling flows. 
This particular turbulence model is also based on RANS (Reynolds Averaged Navier Stokes) equations. 
Subsequently, a minimized model of the wind tunnel was reproduced within FLUENT; with dimensions 
shortened to 2500 mm in length, 2000 mm wide and 2000 mm high, saving computing time. Later, the 
Boolean feature within FLUENT was utilized to subtract the volume of the rugby ball from the volume of 
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the wind tunnel. The sizing function was used to mesh the volumes; and tetrahedron grid for the rugby 
ball, the final mesh of the rugby ball can be seen in Figure 2. 
 
 
(a) (b) 
Fig. 1. (a) CFD model of Pimple Rugby ball; (b) CFD model of Smooth Rugby ball 
 
(a) (b) 
Fig. 2. (a) Mesh of smooth rugby ball; (b) Meshing of the Pimple Rugby ball in CFD 
The boundary conditions of the wind tunnel were specified as follows; frontal area of wind tunnel was 
defined as a velocity inlet as the wind source comes from there with the rear of the wind tunnel set as a 
pressure outlet as the airflow exits. The rest of the boundary types were specified as walls. The boundary 
parameters are shown in Table 1. 
Table 1. CFD modeling boundary parameters 
Description Boundary condition  
Inlet Velocity inlet 
Outlet Pressure outlet 
Rugby Ball Wall 
Control Volume  Wall 
 
An optimal solution can be achieved by using fine mesh at locations where the flow is very sensitive 
and relatively coarse mesh where airflow has little changes and less volatile. As mentioned earlier, 
Tetrahedron mesh with mid-edged nodes was used in this study. Figure 2 shows a model of the rugby ball 
with the tetrahedron mesh. Generally, the structured hexahedral mesh is preferable to tetrahedron mesh as 
it gives more accurate results. However, there are difficulties and resource limitations to use structured 
hexahedral mesh in complex geometry. A verification of grid independence was performed and the 
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1,871,065 cells used here gave grid independent results; this mesh also had an average aspect ratio and 
skewness value of 2.46 and 0.22 respectively.  Finally, the Segregated (Implicit) solver was used for the 
computation as it is faster and produced results close to experimental findings. Additionally, the 
segregated implicit solver is widely used for incompressible and mildly compressible flows. The flow was 
defined as inviscid, laminar and/or turbulent and as mentioned earlier, the k-epsilon model with enhanced 
wall treatment was used for the turbulence modelling. The non-equilibrium wall function was used as the 
flow is complex involving separation, re-attachment and impingement. Other model such as k-omega was 
also used to see the variation in solutions and results. The growth rate was left at the default value of 1.2 
and the final first layer height used was 0.0003m and therefore a y plus value of 12, which was deemed 
suitable for this type of application. After grid independence testing the final face size setting used was 
elements sized at 0.0026 m. These values were sufficiently low enough to accurately resolve the boundary 
layer effects of both the smooth and pimpled rugby balls. 
Velocity inlet boundary conditions were used to define flow velocity and turbulence at the flow inlet. 
Flow inlet velocities were from 40 km/h to 140 km/h with an increment of 10 km/h at ±90º yaw angles 
with an increment of 15º to compare the CFD modelling results with experimental findings. The direction 
of airflow was normal to the inlet and the reference frame was set as absolute for the velocity. In order to 
control the solution, the 2nd order upwind scheme interpolation was selected as the simulation involves 
Tri/tetrahedral meshes. After setting all corresponding parameters, the simulation was initialized and 
iterated, and the results were obtained. The convergence criterion for continuity equations was set as 
1u105 (0.001%). 
3. Results and Discussion 
The Gilbert rugby ball was tested at speeds ranging from 20 km/h to 130 km/h (for purposes of this 
paper speeds were included from 60 km/h) at wind speeds under +90º to 90º yaw angles with an 
increment of 15º. The balls were yawed relative to the force sensor (which was fixed with its resolving 
axis along the mean flow direction whilst the ball was yawed above it) thus the wind axis system was 
employed. The experimental drag and side force coefficients for the Gilbert rugby ball as a function of 
speeds and yaw angles are shown in Figures 3(a) and 3(b) respectively. The CD and CS for the simplified 
rugby ball with and without pimples are illustrated in Figures 4 and 5 respectively. 
The experimentally determined drag coefficient (0.18 at 0º yaw angle and 0.60 at 90º yaw angles) is 
higher compared to computationally estimated drag coefficient for the smooth Rugby ball (0.14 at 0º yaw 
angle and 0.50 at 90º yaw angles). However, the experimental value is lower at 0º yaw angle compared to 
the value of pimpled Rugby ball (0.22). However, it is higher at 90º yaw angles compared to the pimpled 
Rugby ball (0.55). The Reynolds number dependency was noted at 90º yaw angle in experimental 
analysis. However, a small variation at lower Reynolds numbers was noted in computational analysis. A 
close inspection has revealed that the rugby ball is not fully symmetrical along the longitudinal axis. The 
ball surface was rough and was not fully oval shape as it was made of four segments. On the other hand, 
the rugby ball in CFD analysis was fully symmetrical along the longitudinal and lateral axes. The surfaces 
were smooth and pimpled, and the flow was uniform. The cross sectional area was approximately circular 
compared to the real Rugby ball and the cross sectional geometry was slightly larger compared to a 
circular geometry that modeled in CFD. 
Due to manufacturing errors, the rugby ball is not symmetrical in reality as mentioned earlier. 
However, in CFD, modeling of a perfectly symmetrical parabolic geometry was simple. Nevertheless, in 
CFD, it is hard to model the cross sectional geometry to the exact rugby ball shape. Using CFD, ideal 
theoretical results were generated. Both CFD and experimental results have shown similar trends. 
However, in reality, the experimental approach is more realistic as it incorporates the real flow. The 
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accuracy in experimental results may be compromised due to some external factors and errors. Using the 
standard approximations formula, approximate error of 1.5% in forces coefficients was found both in 
experimental and computational studies, which can be considered within acceptable limits. 
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Fig. 3. Gilbert ball: (a) Drag coefficient (CD) as a function of yaw angle and speed; (b) Side force coefficient (CS) as a function of 
yaw angles and speeds 
Drag coefficient Variations as function of speeds and yaw angles, Smooth Rugby Ball
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Fig. 4. CFD without Pimple: (a) Drag coefficient variation with yaw angles; (b) Side force coefficient variation with yaw angles 
Drag coefficient variations as functions of Speeds and Yaw angles, Pimple Rugby 
Ball
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
-100 -70 -40 -10 20 50 80
Yaw angle in degree
D
ra
g 
C
oe
ffi
ci
en
t, 
C
d
40 km/h
60 km/h
80 km/h
100 km/h
120 km/h
140 km/h
Side Force coefficient variations as function of Speeds and Yaw angles, Pimple 
Rugby Ball
-0.80
-0.60
-0.40
-0.20
0.00
0.20
0.40
0.60
0.80
-100 -70 -40 -10 20 50 80
Yaw Angle in degree
S
id
e 
F
or
ce
 C
oe
ffi
ci
en
t, 
C
s
40 km/h
60 km/h
80 km/h
100 km/h
120 km/h
140 km/h
(a) (b) 
Fig. 5. CFD with Pimple: (a) Drag coefficient variation with yaw angles; (b) Side force coefficient variation with yaw angles 
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4. Conclusions 
The aerodynamics resulting from the flight of irregular shaped sporting balls is extremely complex 
even when the ball is not spinning.  The average drag coefficient for the Rugby ball at zero yaw angles 
was found experimentally (0.18) and computationally 0.14 and 0.22 for the smooth and pimpled balls 
respectively. The experimental and computational measurements indicated the average drag coefficient 
for the Rugby ball at 90º yaw angles between 0.60 (in experimental) and 0.50 and 0.55 for the smooth and 
pimpled balls (in computational studies) respectively. The highest magnitude of side force coefficients for 
the smooth and pimpled Rugby balls were found to be ±0.48 and ±0.58 at 90º yaw angles respectively in 
computational modeling.  The highest positive magnitude (+0.52) was noted at leeward side yaw angles 
(+65º) and the highest negative magnitude (0.35) was noted at windward side yaw angles (50º). A 
significant variation in magnitudes of side force coefficients with yaw angles is believed to be due to 
asymmetry of the real rugby ball compared to the simplified CFD model. No significant Reynolds 
number variation of drag coefficients and side force coefficients was found in computational analysis. 
Pimple generates more drag compared to the smooth Rugby balls. However, the increase is minimal at 
high speeds. Although rough surface due to pimples gives better grip to the players, it comes at a cost as it 
generates more aerodynamic drag. 
In order to compare CFD results of a simplified ball with a more detailed ball, future work would be to 
scan 3-dimensional images of a real rugby ball in fine detail. It may provide more insight and confidence 
of CFD studies. 
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